Background
Pembrolizumab, one of the checkpoint inhibitors approved for unresectable or metastatic melanoma, has shown promising effects and results in prolonged overall survival. 1 The most common immune-related adverse events include fatigue, rash, pruritus, arthralgia, amylase elevation, diarrhea, vitiligo, pneumonitis, hepatitis, and endocrine-related adverse events such as hyper-or hypothyroidism. 2 However, patients with active infections, eg, tuberculosis (TB), were excluded from clinical trials of pembrolizumab for advanced melanoma. Thus, whether pembrolizumab improves or exacerbates TB is yet to be elucidated.
Currently, only one Caucasian case with melanoma and four cases of lung cancers or Hodgkin's lymphoma developing TB during treatment with PD-1 inhibitors have been reported. [3] [4] [5] [6] Herein, we report a patient with advanced melanoma developing active pulmonary TB during PD-1 inhibitor therapy. Different from other cases, this patient exhibited a complete response of metastatic tumor and negative conversion of liquid culture for bronchoalveolar lavage fluid (BALF) by combining anti-PD-1 and anti-TB treatment.
Case presentation
A 65-year-old Chinese female patient presented a gradually increased mass (4×3 cm) in the left thigh and three separated black skin lesions (1×1 cm or less) on the left foot 
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He et al in December 2015. The resection of the mass in the left thigh and the largest skin lesion on the left foot was performed on December 4, 2015. The pathological exploration showed malignant melanoma with necrosis but no nerve or vascular invasion. The chest computed tomography (CT) scan ( Figure 1A) showed a shadow at the posterior segment of the right upper lobe of the lung. However, neither respiratory nor systemic symptoms, such as cough, weight loss, fever, and night sweats, were observed. For the first-line treatment, high-dose IL-2 was the preferred treatment, as is the case for medically fit metastatic melanoma patients for .20 years. 7 Thus, IL-2 was administered to the patient at a dose of 64,000 IU/kg, qd, on days 1-10, repeated every 14 days for 6 cycles. However, a node in the left thigh around the surgical margin (1.5×1.5 cm) and two new lymph nodes in the left groin (2×1 cm) were observed, indicating progressive disease. Another chest CT scan ( Figure 1B ), performed in March 2016, suggested a slightly reduced lesion of the right lobe of the lung.
Then, the patient initiated pembrolizumab treatment at a dose of 2 mg/kg every 3 weeks since June 2016. After 3 cycles of immunotherapy, all the nodes contracted remarkably. Nevertheless, the patient developed fatigue and dry mouth and skin, raising suspicion of Sjögren's syndrome with a positive concentration of the autoimmune antibody RO52 in the peripheral blood test. Thus, the administration of pembrolizumab at 2 mg/kg was continued at every 4 weeks for another 7 cycles until January 2017. The patient responded to pembrolizumab, and the nodes in the left thigh or groin, except for two black skin lesions at the bottom of left foot (decreasing in size from 0.5×0.3 to 0.2×0.1 cm), disappeared, as evaluated by ultrasonic scan in October 2016; however, tolerant oral ulcer, fatigue, and vitiligo were observed.
In February 2017, the patient presented about 10 mL of bloody sputum daily for a week without cough, night sweats, fever, or weight loss. The chest CT ( Figure 1C) showed the increased size of the lesion in the right upper lobe without lymphadenopathy or pleural effusion. BALF was collected, and transbronchial lung biopsy was performed. Unconcentrated BALF was tested positive for GeneXpert Mycobacterium tuberculosis (MTB)/RIF with low semiquantitative value. Additionally, mutations in rpoB gene that confer rifampicin resistance were not detected. The liquid culture and drug sensitivity test for BALF indicated MTB to be drug sensitive. Both examinations confirmed the diagnosis of active pulmonary TB. The transbronchial lung biopsy specimen showed a large amount of caseous necrosis (Figure 2A and B) with mediate lymphocyte infiltrate but few acid-fast bacilli. The number of CD4 and CD8 in the peripheral blood was significantly higher than the normal range (1,544/µL and 712/µL, respectively). Consequently, immunotherapy was paused and anti-TB drugs of isoniazid 0.3, qd, rifampin 0.45, qd, pyrazinamide 1.0, qd, and 
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pulmonary tuberculosis in melanoma patients with pD-1 inhibition ethambutol 0.75, qd (HRZE) were administered according to the body weight. Bloody sputum ceased with anti-TB treatment 1-week posttreatment and the sputum culture for MTB was negative after 4 weeks. However, the patient complained of nausea and vomiting during the anti-TB treatment since week 4, and the liver function test showed the abnormal level of alanine aminotransferase 240 U/L, aspartate aminotransferase 277 U/L, and total bilirubin 42 µmol/L. Thus, the anti-TB treatment was suspended and liver-protecting drugs were administered. After 2 weeks, the liver function recovered and clinical symptoms improved significantly. HRZ was challenged again; however, the level of transaminases increased and isoniazid-induced fever was observed. Considering the negative sputum culture and side effects of HRZ, the administration of isoniazid, rifampin, and pyrazinamide was discontinued. The second-line anti-TB regimen, including streptomycin 0.75, qd, ethambutol 0.75, qd, and moxifloxacin 0.4, qd, was administered for 4 months. The chest CT scan ( Figure 1D ) showed that the right pulmonary lesion had shrunk significantly in April 2017. Therefore, the patient was challenged with pembrolizumab monthly for 2 more cycles with the concurrent use of three anti-TB drugs. Combination of PD-1 inhibition and anti-TB treatment kept the patient fit with normal liver function and slightly improved dry mouth. Notably, no steroids were administered throughout the treatment. Then, the patient underwent radical resection of the remaining two black skin lesions at the bottom of the left foot on July 12, 2017, and histology did not show any tumor cells indicating a complete response. Subsequently, the patient was subjected to two consolidation treatments with pembrolizumab per month (total 14 cycles). Anti-TB therapy was discontinued in August 2017. Also, she was under medical surveillance every 3-6 months, and no recurrence was detected. Finally, the patient was under follow-up until the drafting of this case report.
Consent for publication
The study was approved by the Clinical Research Ethics Committee of Shenzhen People's Hospital, China. Written consent was obtained from the patient and her relatives for publication of the case report.
Discussion
Checkpoint inhibitors trigger an antitumor immune response by promoting T-cell activation to eliminate the tumor. The immune system activated by checkpoint inhibitors is effective in targeting pathogens such as hepatitis B virus, HIV, and bacteria. 8 Active pulmonary TB is often developed in suppressed immune system induced by steroid administration or cytotoxic chemotherapy. 9 To date, six cancer patients have been reported with activated TB during treatment with PD-1 inhibitors, including the current melanoma case. [3] [4] [5] [6] However, the mechanism underlying the development of TB during PD-1 inhibitor therapy is yet to be elucidated.
In mouse models, the survival of PD-1-deficient mice is decreased more significantly than wide-type ones after infection with TB. The loss or repression of PD-1 on CD4 T-cells sufficiently leads to rapid wasting and mortality during the clonal expansion phase of the T-cell response to MTB. 10 Moreover, overinflammation and excessive necrosis were observed in biopsied lung tissue from PD-1 deficient mice. A high level of proinflammatory meditators and early recruitment of macrophages and neutrophils were found in the lung of PD-1 deficient mice. 11 An increased number of T regulatory cells and decreased number of TB antigenspecific T-cells, which lead to persistent TB infection, were 
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He et al observed in PD-1 knockout mice. 12 Among these studies, the overinflammation with a high load of bacilli in the lung was ascribed to elevated mortality. Interestingly, these discrepant findings have been reported with respect to the alleged effects of PD inhibitors on TB infection. The PD-1/PD-Ls pathway plays an inhibitory role in the lytic degranulation of antigen-specific CD8+ T-cells against MTB. Moreover, MTB antigen induces the upregulation of PD-1 and its ligand(s) in T-cells, B cells, and monocytes in patients with pulmonary TB. 13 Therefore, suppressing the PD-1/PD-L1 interaction can restore the protective cytokine response by rescuing Th1-like cells from apoptosis induced by the PD-1 pathway.
14 Recently, Singh et al 15 found that the locally infiltrated T-cells at the pathological site of miliary tuberculosis are predominantly PD-1+/PD-L1+; this pathway exploited by MTB favors disease dissemination. Moreover, blocking the PD-1/PD-1Ls pathway might enhance the T-cell function toward the microorganisms. Furthermore, in some viral infections, such as chronic hepatitis B virus infection and sepsis model, the administration of PD-1 inhibitors exerted suppressive effects on the pathogens. 16, 17 The current case displayed dominant caseous necrosis after inhibition of the PD-1 pathway, suggesting pronounced inflammation at the specific site, indicating an immune response to microorganisms. However, an excessive immune response leads to overdestruction of the tissue, which is detrimental to the body. Thus, we speculated that increased CD4 and CD8 counts, as well as pulmonary lesions after inhibition of the PD-1 pathway in the current case, indicate active and excessive inflammation against previously latent TB. This phenomenon was similar to the immune reconstitution inflammatory syndrome observed in patients with AIDS after antiretroviral therapy. 18 Since only a few immune reconstitution inflammatory syndrome cases require steroid use for control, 19 we speculated that anti-TB agents and a raised number of T-cells might eliminate the microorganisms in a synergistic mechanism. Therefore, we restarted pembrolizumab combined with anti-TB treatment without evidence of TB reactivation. To the best of our knowledge, this is the first report describing the successful use of antitubercular therapy in conjunction with the PD-1 inhibitor. Importantly, the pseudo-progression of TB infection was similar to that observed in some tumors in response to immunotherapeutic agents. 20 Thus, the abrogation of PD-1/PD-L1 signaling might be beneficial to the TB infection, rather than disadvantages as proposed in previous case reports. 3, 4 
Conclusion
Overall, we presented a melanoma case with TB activated during treatment with the anti-PD-1 monoclonal antibody. The enhanced immune response of T-cells mediated by the application of PD-1 inhibitors might lead to an excessive immune response to TB. Intriguingly, the patient can be safely and effectively treated by combining anti-TB drugs and PD-1 inhibitors. Since additional studies about the reactivation of latent TB have not yet been reported, TB screening before the initiation of PD-1 inhibitors in all subjects is highly recommended. Thus, further studies on the checkpoint inhibitors in TB-infected patients are essential.
